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FLIGET TESTS OF ROCKET-POWERED "TIN-CAN' MOIELS
OF AAF PROJECT MX-800

By Paul E. Purser and David G. Stone
SUMMARY

Flight tests were made of six noninstrumented rocket-powered
"Tin-Cen" models of AAF Project MX-800. Velocity and drag data were
obtained by use of CW Doppler radar. The existence of stebility and
‘adequate structural strength for flight near zero 1ift was checked by
visual and photographic observation. Drag data cbtained durlng the
tests agreed reasonably well with estimates based on experimental data
from NACA RM-2 rocket-powered drag research models.

INTRODUCTION

At the request of the Alr Materiel Commend, Army Air Forces, the
National Advisory Committee for Aeronautics has made flight tests of
six rocket-powered models of AAF ProjJect MX-800 at the Pilotless Air-
craft Research Test Station at Wallops Island, Va. The purpose of the
tests was to determine the over-all drag of the MX-800 configuration
and to provide a qualitative check of the asrodynamic stability and
structural strength of the models. This report presents the results
of the flight tests of the MX-800 models. The tests were made during
the period August 1, 1947 +to August 7, 19h7.

SYMBOLS

M Mach number (V/c)
flight velocity, feet per second
c speed of sound, feet per éecond.

W weight of model, pounds
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a resultant acceleration along flight path, feet per second
per second

g acceleration of gravity, feet per second per second

] wing area, square feet (bycy for wing 2-k, fig. 1)

S¢ tail area, square feet (bicy for tail 6-8, fig. 1)
by total wing span, feet

by total true tail span, feet

oy wing chord, feet

cy tall chord, feet

b
At  tail aspect ratic C—t
Cg

Cp  drag coefficient <2>
. o

D drag, pounds

a dynamic pressure (;—‘p\e)

oy neutral point, center of gravity for neutral stebility in
trimmed flight

r flight-path angle, measured from horlzontal

MODELS

Flight

The flight articles, referred to as "Tin~Can" models, were supplled
by the M. W. Kellogg Company, Jersey Clity, N. J. Drawings of the models
are presented in figures 1 end 2. Photographs of the nose cap to body,
wing to body, end tall to body Junctures are shown in figure 3. The
“Tin-Can” model consists of a cylindrical steel body with an ogive nose
and having cruciform wings and tails fabriceted from duralumin. The
wings and the two larger tazils were symmetrical clrcular-arc alrfoil
sections approximately 8-percent-chord thick at the root. The two
smaller talls were similar except that they were 9L percent thick. As-

shown by figure 2 the wing-section thickness ratio decreased as a function
of a circular arc fram a polnt 3-percent span outboard of the body to the
tip. The tall-section thickness ratios decreased similarly from & point
at sbout half the exposed span to the tip.
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The models were painted with the following color scheme:
Body - International Orasngse
Wings, Tails, Nose Cap =~ Green

to provide contrast with the blue sky for teking 16-milliimeter color
plctures of the flignts.

The steel body serves as the rocket-motor case and the propellant
consists of a 69-inch length of the 6-inch-diameter "Deacon" grain
developed by the Allegany Ballistics Laboratory of the Hercules Powder
Company. Static firing tests of the rocket motor showed an average
thrust of 4865 pounds for a burning time of 2.69 seconds. Detalls of
the rocket-motor nozzle are shown in figure b end thrust-time date
cbtained from a static firing conducted by the Allegany Ballistlcs
Leboratory are presented in figure 5.

Wind Tunnel

Wind.-tunnel'models of the MX~-800 were designed and built at the
Langiey Laboratory to be used in obtaining low-speed stability data
required for planning the flight tests. These models were JE'-sca.le
wooden replicas of the "Tin-Can" models and were so made that inter-

chengsable perts could be assembled to form the following configurations:
Body alone
Body + Wing

Body + Wing + Tail no. 2
Body + Wing + Taill no. &

The tunnel is a 40-inch-diameter closed test section instelled
when needed in the air-supply ducting of the Langley induction aero-
dynemics laborstory. The test velocity used for the MX-800 models was
90 feet per second and the test Reynolds number was ebout 180,000 based

on the 2.73-inch wing chord of the ]E'-sca.le models.

The model was supported in the tunnel free to trim sbout varlous
center-of ~gravity locations, and the neutral point was determined es the
center of grevity behind which the model would not weathercock into the
wind. A photograph of the model mounted in the test section is shown in
figure 6. The neutrel polnts obtained in these tests are shown in
figure T plotted against e tall-effectiveness factor which is spproximately
proportional to the smount of stabllity contributed by the tail.

S



FLIGHT TESTS

Progrsm
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The flight-test program for the "Tin-Can" models was so arranged .
that the desired configuration (T; with take-off c.g. at O.T4 M.A.C., Y
fig. 1) was approached from configurations that the low-speed wind- .
tunnel tests indicated to be more stable.
the order of firing:

The following table shows

Center of Low-speedl Center off Low-speed3
gravity at static gravity att static
Flight|Model Tail take~off | margin M=1 margin
number | number (percent | (percent | (percent | (percent
M.A.C.) M.&.C.) M.A.C.) M.A.C.)
1 Tp (large area) 30.4 106.6 15.0 122.C
2 6 T3 (medium ares,
high aspect
ratio) 39.9 79.1 26.9 82.1
3 L Ty (medium area, ;
low aspect
ratio) 40.5 60.5 ! 28.c 73.C '
b 8 |Ty, (emsll avea) k2.1 1.4 } 29.8 53.7 -
i 1
5 3 T, (small area) 57 .8 25.7 | 48.7 3L.8
3
6 P2 T, (medium aresa, % :
! ; low aspect . i
; | ratio) 73.9 27.1 | 6B.C 33.0 ;

lpetermined from figure 7 end center of gravity at take-off.
2petermined on basis that center-of-gravity position varies linesrly
fram teke-off to blurnout because of sids-burning rocket propellant

grain.

3Determined from figure 7 and center of gravity at M = 1.C.

Leunching

The models were ground-leunched without boosters at an elevation

angle of 60° fram & short guide-rall launcher.

See

fig. 8.)

Photo-

grephic observation of the launchings and flights was made with the
following cemeras:
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(a) Fixed K-24 serial cemeras focused on launcher (black end white)

(b) Fixed 35-millimeter motion-plcture. cemera focused on launcher
(black =nd white)

(c) 16-millimeter motion-picture cameras manually tracked to cover
flight (color)

Instrumentation and Date

The primery instrumentation for the flight tesis was e CW Doppler
Velocimster redar unit. This redar unit provides velocity-time data
that are eccurate enough to allow differentistion for drag computations.
(See references 1 to 3.) Radlosonde observations made at the time of
firing provided temperature and statlc-pressure data for use in converting
the Doppler velocity and deceleration data obtained during the coasting
period of flight to Mach number and drag coefficient. The conversion frm
deceleration to draeg coefficient was accomplished by means of the
following formmla:

W(e - g sin 7)
Cp =
g5q

where W is the welight of the model when the propellent 1s expen&ed. The
value of W includes the basic model weight, the propellant restrictor
welght, and the steel core of the igniter. The flight-path angle 7> was
determined from en SCR-58% radar record of the flight path of model number 5,
flight-path computations, and take-off pictures obtalned with the fixed
35-millimeter motion-picture camera. Fallure to obtain SCR-584 records fbr
all flights introduces an uncertainty in the value of 7 and thus en uncer-
tainty in the values of Cp for all models except nimber Z. This uncertainty
is of the order of 110 percent of the weight, or expressed in terms of Cp:

$0.0018 at M = 1.4

£0.0035 et M = 1.0

Dafa presented in reference 4 indicate thet errors inherent in the tech-
nigue should provide errors in drag coefflcient not greater then the fol-
lowing:
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Cp | Mach mumber N?ﬁﬁircgﬁf?Zﬁiiiigﬁ
£0.005 1.0 1
+.003 1. 1
+.00k 1.0 2
+.002 1.4 2

Approximate rolling-velocity deta were obtained by counting quarter-
revolutions of the models from the timed 1l6-millimeter color motion
pictures taken with manually tracked caimeras during the flights.

RESULTS AND DISCUSSION

Drag

The drag date are presented in figure 9. The drag values for the
various models are listed as follows In order of decreasing drag: the
large tail, the intermedlate-area tail of high aspect ratio, the
intermediate-area tall of low aspect ratio, and the smsall tail. Figure 9
also presents e comparison between the measured velues of Cp and those
estimated from references 1 to 3. Reasonable agreement exiats despite
the differences in the general smoothness of the MX~800 models (fig. 3)
and the NACA RM-2 drag-research models of references 1 to 3.

In using the drag data of this report for design purposes, the
base drag which wes not measured in the present tests should be considered.
Base-pressure data for a body similar to the MX-800 are presented, how-
ever, in reference 5.

Stebility and Trim

The existence of adequate stabllity for 211 the configur=tions
flown was evidenced by motion plctures and observers' reports, whick
showed that the models flew In relatively straight smooth paths. The
minimm static mergin of stabllity was about 26 percent of the mesn sero-
dynemic chord based on the low-speed tunnel tests. (See fig. 7 and section
entitled "FLIGHET TESTS.") The design configuration,teil number 1, which
has 71 percent of the wing aree and 10k percent of the wing aspect ratio,
had & minimwn static margin of about 27 percent of the meen serodynemic
chord.

The models were evidently trimmed longitudinally and directionally

for zero 1ift, since during the roll which developed in each of the flights,
the model appeared to roll sbout its longltudinal axis rather then

describing a helical path.
.
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Approximate roll data obtained from the l6-millimeter color motion
pictures of the flights indicated the averasge helix angles generated by
the wing tips to be between 0.6° left and 0.5° right. The construction
tolerances given by the Kellogg Campany for the difference in angular
settings of opposite wing and tail panels were O. 50°. Inspection of
data supplied by the Kellogz Campany showed that although two of the
2k pairs of surfaces exceeded the tolerances slightly, the average differ-
ences were considerably less than the rates of roll indicated in the tests.
The rates of roll developed were small encugh, however, to indicate that
the stated tolerances were satisfactory and that the wing and teil surfaces
were operating at very nearly zero lift.

Rocket-Motor Performsnce

The rocket motors used in the "Tin-Can" models are new end as yet
reletively untried. Informetlon was desired, therefore, as to the
quality and consigtency of performsnce of these motors in order to a2llow
more surety in estimetions to be made of acceleration or ma.xizmm:. veloclty
in planning any future flights.

Sufficlent data were not obtained during the first 2 or 3 seconds of
flight to permit accurate evaluations of the rocket-motor performsnce. A
study was made, however, of the motor performance in terms of maximum
veloclty reached by each model and these data are presented in table I end
figure 10. With the assumIFation of zero drag, T2.k2 pounds of propellant,
and a constant thrust of L&33 pounds for 3.0 seconds (total impulse
of 14,500 1b-sec) one obtalns the following relation between maximm
velocity V and average welght W:

Thrust 467 ,000
Woignt ravity X Time T

The experimental values shown in figure 10 scatter about a curve defined
by:

v - 413,000

The difference between these two curves is of the order of magnitude
usually experlenced and is due to the following factors:

(a) Finite drag of model
'(b) Variations in propellant weight

(c) Finite time required for bulld-up and decrease of thrust at
beginning and end of burning

(a) Inconsistency in rocket-motor performence, due to both
propellant and nozzle construction.



8 - L NACA RM No. LTKO7a

The fact that the total difference between the two curves 1s of a normal
order of megnitude and that the scatter is in the direction indicated
by 1tems (a) and (b) sbove (see table T and fig. 10) indicates that
little inconsistency existed in the performance of the six rocket motors
used.

Structures

The structural integrity of the models for flight neer zeroc 1ift
was evidenced by the absence of structural failure during the flights.

CONCLUDING FEMARKS

Successful flights of six "Tin-Can" models of the MX-800 indicated
these models to be stable longltudinally and directicnelly with the take-
off center of gravity at 0.7} mean aerodynamic chord and with a tail
having 71 percent of the wing area and 104 percent of the wing aspect
ratio. That the models were structurally sound for fiight near zero 1lift
was evidenced by the absence of fallures during the flights. Drag dete
obtained in the tests agreed reasonebly well with estimates based on
experimental date from NACA RM-2 rocket-powered drag research models.

Langliey Memorial Aeroneutical Laboratory
Natlional Advisory Commitiee for Aeronautics

Langley Fleld, Va.
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TABLE I

Model. welght

Yotel (1b) Prsg:;hlint op ot propellant welght ﬁﬁﬂ
number At rocket i (1b) M=1.0 p veloclty
Leunching | pumoutl | Average (fps)
2' 251.31 179.00- | 215.15 T1.51 0.166 431 1804
3 269.69 195.687 232.78 73.02 116 500 1830
i 290.10 217.31 253.65 71.99 162 bk 1627
5 - £92.25 219.98 | 256.12 TL b7 176 406 1555
6 293.06 220.4), 256.7h Ti 55 .169 425 157k
8 278.38 206.25 2hD .38 71433 155 458 1703

Lvleight at burnout computed fram launching welght minus sum of propellant welght and igniter
weight, assuming that propellant restrictor asnd steel igniter rod remain in rocket after
burnout. . ' :
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Wing 188|/4.88| 1O 1.2 1503 1744 | 0.08!
Tail /1 ]123 112.3 | 615 |10 [ RO 1420 .08l
Tail 2 1649251123 |/0.2751 1.0 | 420 | 920 .08]
Tait 3 /42 | 1065 | 8875 L0 | 3/61 | 3.6/ 094
Tail 4 J065 | /065 | 83251 /0 | 316! | 3l6/ .094
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Figure & -Construction drawings for
of MX-800 “Tin-Can' models.

wings and tails i
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NACA LMAL 543 )

(2) Nose-body juncture.

() Tail-body juncture.

Figure 3.- Detail photographs of parts of the MX-800 ¢“Tin-Can’’
PLITIITTEES rocket-powered models.

NATIGHAL ADVISORY COMINTTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY F/ELD VA
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Figure 4 - Section throvgh nozzle of MX-800 "Tin-Can' rocket model.

‘81,034 T ON NY VOVN



5 ]
% I |
§ 4
% \
R
R
|
3 2
N \

S NAGR N

: | \
O 4 B 1z I 20 29 28 52 36
[ime, seconds

Figure &.- Sz‘m‘/c thrust record for MX-800 77/7-an rockel.

Allegany Ballistics Laboratory Record No. C-23/2. Fowder

weight = 72.92 /b. Total impulse = 14500 /b-sec.
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Figure 6.~ View of %-scale model of MX-800 ¢Tin-Can” mounted in 40-inch diameter
test section.
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Figure 7 .-Neviral points determined in low-speed ;
tunne/ tests of f -scale models of the MX-800 .
Tin-Can’” models. Test Reynolds number approximately i
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(2) Side view.

Figure 8.-

U

Launching of MX-800 ¢“Tin-Can’’ models.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD,. VA,
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(b) Three-quarter rear view.

SR, ri:urc 8.- Concluded.

MATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD, VA.
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